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Abstract. The chemical tagging technique proposed by Freeman & Bland-Hawthorn (2002) is based on
the idea that stars formed from the same molecular cloud should share the same chemical signature. Thus,
using only the chemical composition of stars we should be able to re-group the ones that once belonged to
the same stellar aggregate. In Blanco-Cuaresma et al. (2015), we tested the technique on open cluster stars
using iSpec (Blanco-Cuaresma et al. 2014a), we demonstrated their chemical homogeneity but we found that
the 14 studied elements lead to chemical signatures too similar to reliably distinguish stars from different
clusters. This represents a challenge to the technique and a new question was open: Could the inclusion of
other elements help to better distinguish stars from different aggregates? With an updated and improved
version of iSpec, we derived abundances for 28 elements using spectra from HARPS, UVES and NARVAL
archives for the open clusters M67 and IC4651, and we found that the chemical signatures of both clusters
are very similar.
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1 Introduction
The chemical composition of a star provides an invaluable source of information about its history, the stellar
aggregate were it was born (in some cases, still gravitationally bounded), the molecular cloud from which it
was formed and, finally, the characteristics of that region and time of the Galaxy. It is accepted that most of
the stars are born in groups and, if we assume that the original giant molecular cloud was homogeneous and
well-mixed, then we can expect that the stars born together share a common chemical fingerprint that may
be different from other stellar aggregates (born in different places and times). The chemical tagging technique
(Freeman & Bland-Hawthorn 2002) consists in identifying stars that were born together by only looking into
their chemical abundances, thus, re-construct the history of our Galaxy.
In Blanco-Cuaresma et al. (2015), we designed and executed an experiment using open clusters (most of
them with solar metallicities) to test the limits of the chemical tagging technique. We compiled a large dataset
of high-resolution stellar spectra from stars in clusters, then we treat each of them as individual isolated stars,
we homogeneously derived the chemical abundances for 14 elements and we tried to re-group the stars based
only on their chemical information. We found that, given the level of precision that we obtained because of to
the spectra quality and the limits of the methods, the differences between different open clusters for the selected
elements were not significant enough to correctly disentangle their stars.
In this study, we concentrated our efforts in only two clusters (M67 and IC4651) and we explore the possibility
of using more elements to overcome the problems we found in Blanco-Cuaresma et al. (2015). Additionally, we
developed a new spectroscopic pipeline that takes advantage of the latest improvements implemented in iSpec∗
(Blanco-Cuaresma et al. 2014a).
2 Open clusters
M67 and IC4651 are open clusters with a chemical composition similar to the Sun. They are located in the
galactic anti-center (M67: l = 215.70◦, b = 31.90◦; IC4651: l = 340.09◦, b = −7.91◦) with a distance from the
Sun of 790 pc and 890 pc, respectively (Dias et al. 2002; Paunzen & Netopil 2006).
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3 Data
Our initial dataset contained 103 spectra for M67 (52 from the UVES archive Dekker et al. 2000; 51 from the
HARPS archive Mayor et al. 2003) and 41 for IC4651 (33 from UVES; 8 from HARPS; 1 from NARVAL Aurie`re
2003). We measured their radial velocities and compared them to the average velocities reported by HARPS:
33.77 km/s for M67 and -30.36 km/s for IC4651. The criteria to accept a star as member of the cluster was
that its velocity should be within the ±2 km/s margin. Only 1 star belonging to IC4651 did not match the
criteria and was discarded.
Then, we corrected the radial velocities, co-added spectra for common stars coming from the same instrument
and setup, and we selected only those with a signal-to-noise (S/N) higher than 100. We could use spectra with
a lower S/N but for this study we wanted to minimize problems originated by low S/N and not linked to
real physical features of each star. Once the processing was completed, the dataset was reduced to 22 M67
spectra (all of them observed with UVES) and 16 IC4651 spectra (8 UVES, 7 HARPS and 1 NARVAL) which
correspond to 21 M67 stars and 11 IC4651 stars.
4 Method
The spectroscopic analysis was done with an automatic pipeline based on iSpec. In a first step, the atmospheric
parameters (i.e. effective temperature, surface gravity and metallicity) were determined for all the co-added
spectra by using a selection of absorption lines in the visual range (i.e. 480 to 680 nm). We used SPECTRUM
(Gray & Corbally 1994) as radiative transfer code, MARCS† (Gustafsson et al. 2008) as model atmosphere
and Grevesse et al. (2007) as solar abundances. The lines were chosen based on a previous analysis of a solar
spectrum (with a resolution of 47 000) obtained from the Gaia FGK Benchmark Stars library‡ (Blanco-Cuaresma
et al. 2014b) where, starting from an atomic line list extracted from VALD (Kupka et al. 2011), we derived
abundances ([El/X]) for all the observed absorption lines and we discarded those with a [El/H] greater/smaller
than +/-0.05 dex.
In our dataset we found 12 dwarfs, 3 turn-off stars and 8 giants for M67; while for IC4651 we had 3 dwarfs
and 8 giants. The criteria to separate dwarfs from giants was based on its surface gravity, stars with gravities
greater than 4 dex were considered dwarfs and smaller than 3 dex were classified as giants (in between these
limits the star is considered in the turn-off).
Once the atmospheric parameters were fixed, individual chemical abundances were derived using an extensive
collection of observed absorption lines which were cross-matched with a VALD atomic line list. For each line,
the following abundances were determined:
1. Fixed atmospheric parameters (main iteration).
2. Artificially higher metallicity (+0.10 dex).
3. New realisation of the spectrum using a poisson distribution and the flux errors (S/N iteration).
4. New atomic line list where only the line of interest is present (i.e. no blends will be modeled).
We discarded all the lines where the difference with the main iteration is greater than 0.10 dex when using
a greater metallicity, greater than 0.10 when checking the S/N or greater than 0.50 dex when synthesized
without blends. The accepted lines were combined using the median, a robust statistic to minimize the impact
of outliers. Errors were computed using the standard deviation, we avoided the use of more robust statistics
(such as the median absolute deviation or MAD) to remain on the conservative side of the estimation.
To achieve the maximum precision, it is common to perform differential analysis. This means that all
abundances are computed differentially line-by-line using a star of reference. Typically this is done using a
solar spectrum, but this strategy brings up a problem: not all the stars in the dataset have similar atmospheric
parameters to those of the Sun.
Giants and dwarfs are at different stages of their life and there are processes that may have affected their
chemical abundances (such as atomic diffusion). Also, assumptions in our analysis (e.g. LTE) may not apply
equally (e.g. NLTE effects), or simply continuum normalization is going to be different because the typical
†http://marcs.astro.uu.se/
‡http://www.blancocuaresma.com/s/
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spectrum is different (e.g. absorption lines in dwarfs are broader). If we use the Sun as reference, we would
derive different chemical signatures for dwarfs and giants, even if they belong to the same cluster. In front of
this situation, in Blanco-Cuaresma et al. (2015) we had to treat giants and dwarfs separately. This is a valid
solution but it has the inconvenient of decreasing the statistics.
In this study we tried a different approach, instead of using the Sun as reference for all the stars, we took
the giant M67 No164 and the dwarf M67 No1194 as reference stars for the giants and dwarfs in our sample.
We assumed that these two stars have the same chemical abundance and that their differences are originated
mainly due to assumptions in our models and biases in our analysis, thereby we were able to mix the differential
abundances coming from giants and dwarfs.
5 Results
In Blanco-Cuaresma et al. (2015) we were not able to disentangle stars from different clusters by using the
chemical signature of 14 elements. The following question was raised: Could a different combination of elements
help? In this study we have increased the number of elements to 28 for the open clusters M67 and IC4561 as
shown in Fig. 1. Most of the elements have a dispersion smaller than 0.05 dex, demonstrating that the level
of precision is high and that the strategy for mixing giants and dwarfs is working properly. Nevertheless,
the chemical signatures remain extremely similar between the two clusters. The elements showing the larger
differences, such as barium, praseodymium or sulfur, are those which have the largest dispersion, preventing a
clear separation of both populations.
Checking directly the individual abundances per star (Fig. 2) shows the great level of overlapping. If we
ignore the color coding, it is not feasible to identify what stars belong to what cluster. In this chemical space
of 28 elements, M67 and IC4651 are not located in clearly different places.
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Fig. 1. Combined differential chemical abundances with M67 No164 and M67 No1194 as reference for giants and dwarfs,
respectively. The chemical signature corresponds to the open clusters M67 (black) and IC4651 (red). All the abundances
are respect to iron (i.e. [E/Fe]), except iron which is represented in respect to hydrogen (i.e. [Fe/H]). Error bars
correspond to the standard deviation of the abundances.
6 Conclusions
We showed how a chemical signature composed of 28 different elements with a general precision better than
0.05 dex does not seem enough to chemically separate stars from the open clusters M67 and IC4651. Is this
result still challenging the chemical tagging technique or these two cluster do have a common past?
Both clusters are located towards the galactic anti-center at a similar distance from the Sun, although
they are separated by more than 100◦. Additionally, some studies found that M67 is several Gyr§ older than
IC4651 (Paunzen & Netopil 2006). Could these clusters be born from the same molecular cloud but at different
moments? This would required the cloud to be fragmented in two without triggering star formation and
remaining chemically unaltered during a long time. Another possibility would be that it is common to have
different molecular clouds with very similar compositions, which could mean that both were enriched in the
same measure by different past events. The similarities between these two clusters should be further studied.
This work would not have been possible without the support of Laurent Eyer from the University of Geneva.
§1 Gyr represents 109 years.
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Fig. 2. Individual differential chemical abundances with M67 No164 and M67 No1194 as reference for giants and dwarfs,
respectively. The abundances correspond to individual stars from the open clusters M67 (black) and IC4651 (transparent
red). All the abundances are respect to iron (i.e. [E/Fe]), except iron which is represented in respect to hydrogen (i.e.
[Fe/H]).
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